An increasingly large body of work suggests that atypical adenomatous hyperplasia (AAH) of the lung may be a forerunner of pulmonary adenocarcinoma. Recognizing this fact, the World Health Organization now acknowledges the existence of AAH while noting difficulties that may be encountered in distinguishing AAH from the nonmucinous variant of bronchioloalveolar carcinoma. Regrettably, a universally acceptable definition of morphologic criteria for the diagnosis of AAH has not been achieved. This review of the literature examines the epidemiology, gross appearance, light microscopic findings, morphometry, immunohistochemistry, and molecular features of AAH and suggests a set of histopathologic features that may help the practicing pathologist identify this intriguing lesion. These features include the following: irregularly bordered focal proliferations of atypical cells spreading along the preexisting alveolar framework; prominent cuboidal to low columnar alveolar epithelial cells with variable degree of atypia but less than that seen in adenocarcinoma; increased cell size and nuclearcytoplasmic ratio with hyperchromasia and prominent nucleoli, generally intact intercellular attachment of atypical cells with occasional empty-looking spaces between them without high cellularity and without tufting or papillary structures; and slight thickening of the alveolar walls on which the AAH cells have spread, with some fibrosis but without scar formation or significant chronic inflammation of the surrounding lung tissue. Several lines of evidence indicate that AAH is a lesion closely associated with adenocarcinoma of the lung, suggesting AAH may be involved in the early stage of a complex multistep carcinogenesis of pulmonary adenocarcinoma.
Lung cancer is one of the most commonly diagnosed major cancers in the world. Among the major types of lung cancer, adenocarcinoma is rapidly emerging as a leading cell type in countries such as the United States and Japan (1, 2) . Although several hypotheses have been proposed, the pathogenesis of adenocarcinoma remains largely unknown. This limited understanding of the pathogenesis of pulmonary adenocarcinoma is in contrast to that of squamous cell carcinoma of the lung, in which the course of development and the natural history are better understood (3) (4) (5) (6) . One problem in research of the pathogenesis of pulmonary adenocarcinoma is the difficulty in detecting or evaluating presumptive precursor lesions (7) . This is probably partly because the location of most adenocarcinomas at the periphery of the lung, which limits detection and access to early lesions by means of flexible fiberoptic endoscopy and by means of cytology, biopsy, or both.
In earlier studies, the concept of "scar cancer" was implicated in the pathogenesis of pulmonary adenocarcinoma (8 -14) . The concept of scar cancer was based on the observation that most peripheral adenocarcinomas contain a central or subpleural anthracotic and fibrotic focus, which is often asso-ciated with an area of pleural puckering or retraction. Thus in these old fibrotic areas, presumptively produced by a previous bout of inflammation, the epithelia of small airways enclosed within the scar were considered to be particularly susceptible to malignant transformation. However, Shimosato et al. (15) have proposed an alternative explanation that the central fibrotic focus with anthracosis is formed after the development of carcinoma, probably as a result of alveolar wall collapse brought about by degeneration, and death of tumor cells lining along the alveoli in the early stage adenocarcinoma (16) . Subsequently, fibroblastic cell proliferation and collagenization follow. Most authors currently subscribe to the latter pathogenetic mechanism. However, there remains a subset of true peripheral lung scar cancers, mostly adenocarcinomas, that appear to secondarily develop in previous fibrotic foci, particularly in patients from the parts of the United States where histoplasmosis is endemic (17) .
Meyer and Liebow (18) focused on the occurrence of atypical proliferative foci of the lung in the setting of diffuse interstitial fibrosis, which were regarded as important premalignant lesions. These proliferative foci appear equivalent to what is called today atypical adenomatous hyperplasia (AAH). A plethora of synonyms has been used in the literature to refer to AAH. These include the following: atypical regenerative hyperplasia (19) , atypical epithelial proliferation (18) , atypical alveolar epithelial hyperplasia (20) , atypical alveolar cuboidal cell hyperplasia (15, 21, 22) , atypical bronchioloalveolar cell hyperplasia (23, 24) , alveolar atypical hyperplasia (25) , and bronchioloalveolar cell adenoma (26) . AAH is best regarded as a small proliferative lesion comprising single-layered atypical cells that resemble Clara cells or type II alveolar cells lining along the alveolar septa. Similar lesions may be observed not only as solitary foci in the nonneoplastic lung but also as foci in continuity with adenocarcinoma (7, 21, 22, 24, 27, 28) . The cells comprising AAH show various degrees of atypia, such as nuclear hyperchromasia, enlargement, and pleomorphism, as well as prominent nucleoli, variable cellularity, and general architectural disarray.
A number of studies have suggested that the grade of atypia in AAH is milder than that of adenocarcinoma. However, a unified, widely accepted set of histopathologic criteria for diagnosis of AAH remains to be established. In fact, the histopathologic distinction between AAH with severe atypia and well-differentiated bronchioloalveolar carcinoma (BAC) can be very difficult on basis of histopathology alone, and in such cases, the diagnosis is usually made subjectively and in conjunction with the clinical and radiographic findings. Further, the biological nature of AAH is poorly understood and remains controversial, with some investigators regarding AAH as a precursor of BAC (7, 24, 29) and others regarding it as an adenoma or, conversely, as an extremely well differentiated BAC (21, 23, 26 -28, 30, 31) .
This review aims to discuss the epidemiology and recent advances in the understanding of AAH, which may help diagnostic pathologists to recognize AAH. This review further discusses studies that have used various ancillary methodologies such as morphometry, immunohistochemistry, cytogenetic methods, molecular analyses, and animal models.
Epidemiology
To our knowledge, population-based epidemiologic studies addressing the frequency of AAH have not been reported. There are, however, several studies that provide some insight on the frequency of AAH in hospital-based populations. Miller (26) examined 247 cases of surgically resected lung carcinomas by sectioning all areas of the lung transversely at 1.0-to 1.5-cm intervals and found 23 (9.3%) of lesions to be what she called bronchioloalveolar cell adenomas. Other investigators have reported a frequency of AAH of 5 to 20% in surgically resected lungs for pulmonary carcinoma (20, (32) (33) (34) (35) (36) . Weng et al. (32) reviewed the literature that examined the incidence of AAH and found that it was notably higher in specimens obtained from patients with primary lung carcinoma (20.0%) than in those with nonprimary lung carcinoma (4.8%). Among several histopathologic types of lung carcinoma, AAH has been found most frequently in resected lungs of patients with pulmonary adenocarcinoma, especially well differentiated papillary adenocarcinoma, and BAC (20, 32, 34 -36) . Other researchers have reported that incidences of AAH in the range of 1.2 to 12% in surgically resected adenocarcinoma of the lung (25, 28, 35, 37) .
Recently, we examined 100 consecutive general autopsy cases, excluding cases of primary and metastatic pulmonary neoplasia, and found two cases of AAH (38) . However, as noted above, the true frequency of AAH in the general population remains unknown. According to Weng et al. (32) , the incidence of AAH appears to be unrelated to sex. Weng et al. also reported that there is no definite correlation between smoking history and the occurrence of AAH. In contrast, Chapman and Kerr (36) have recently demonstrated that a greater percentage of women with adenocarcinoma had AAH (30.2%) than did men with adenocarcinoma (18.8%).
poorly defined lesion occurring in continuity with a marginal area of pulmonary adenocarcinomas and also as a solitary lesion, unassociated with adenocarcinoma. Solitary AAHs are usually small, varying from less than 1 mm to 10 mm in maximum diameter, and are spatially distinguishable from the primary tumor or from areas of obstructive pneumonitis ( Fig. 1) (2, 23, 25, 26, 32, 39, 40) . Nakanishi (20) notes that peripheral AAH lesions may present as gray-white nodules occurring within 10 mm of the overlying pleura. On the other hand, Shimosato et al. (2) and Carey et al. (25) called attention to grossly recognizable alveolar lesions presenting as pale and poorly defined foci in the lung. AAH has been detected in random sections of normal lung parenchyma fixed in formalin. Miller, however, has suggested the use of Bouin's solution, which renders these lesions more apparent at gross inspection, as an alternative to the routinely used formalin fixatives (23, 26) .
Light Microscopic Findings
Microscopically, AAHs may appear as focal proliferative lesions growing at the periphery of the lung (25, 37) . The basic histopathologic finding of AAH is focal proliferation of alveolar cells spreading along the preexisting alveolar framework (Fig. 2) (2, 7, 20 -22, 24, 26, 28, 32-34) . The cells that compose AAH are apt to be mildly to moderately atypical with increased nuclear-cytoplasmic ratio, often possessing hyperchromatic nuclei and prominent nucleoli. Rao and Fraire (22) noted that the size of cells found in AAH was at least double the size of neighboring normal cells. Mitotic figures are rarely seen in AAH (2, 28, 33) . AAH of mild to moderate atypia and AAH of severe atypia are illustrated in Figure 3 (20, 25, 34, 37) .
The degree of nuclear atypia is milder than that seen in well-differentiated adenocarcinoma (Fig. 4)  (2, 7, 15, 21, 28 ). The cells of AAH are usually attached to each other, replacing the normal epithelium of several alveoli. Occasionally, empty spaces can be found between the atypical cells. The alveolar walls are slightly thickened with mild infiltration of inflammatory cells but without scar formation, whereas the lung tissue surrounding AAH is not accompanied by chronic inflammatory reaction in the interstitium. Miller (26) described the relationship between size of lesions and nuclear atypia with smaller lesions as tending to have milder nuclear atypia and larger lesions as tending to have greater degree of nuclear atypia. Most investigators appear to agree that a milder degree of cellular atypia and the absence of high cellularity, papillary structures, and stromal and vascular invasion are histopathologic features that help distinguish AAH from adenocarcinoma (Fig. 4) .
In summary, our review of the literature and personal observations suggest that in terms of light microscopy, the following histologic features may be of help in classifying atypical lesions as AAH and to distinguish them from well-differentiated adenocarcinoma: irregularly bordered focal proliferations of atypical cells spreading along the preexisting alveolar framework; prominent cuboidal to low columnar alveolar epithelial cells with generally mild but variable degree of atypia, less than that seen in adenocarcinoma; increased cell size and nucleolicytoplasmic ratio with hyperchromasia and prominent nucleoli; generally intact intercellular attachment of atypical cells with occasional empty spaces between them without high cellularity and without tufting or papillary structures; and slight thickening of the alveolar septa on which the AAH cells have spread, with some fibrosis but without scar formation or significant chronic inflammation of the surrounding lung tissue.
Morphometry
Histopathologic differences between AAH with severe atypia and well-differentiated adenocarcinoma are often so subtle that reproducible diagnoses are not always possible, even in the hands of experienced pathologists. Therefore, efforts have been made to improve the accuracy of the diagnosis of AAH in a reproducible way. One such effort has used computer-assisted morphometry. Recent progress in morphometrical measurements has aided pathologists in the evaluation of cancerrelated lesions in a reproducible manner on the basis of quantitative measurements (41) . Initial successful morphometrical analyses were applied to hepatocellular carcinoma (42) and malignant lymphomas (43, 44) with the aim of distinguishing them from benign lesions by measuring mean nuclear size. Similar approaches have been found useful in evaluating the differences between low-grade and high-grade malignant tumors of the breast (45) and bladder cancers (46, 47) , as well as some subtypes of malignant lymphoma (48) .
Recently, morphometrical analyses have also been used to distinguish AAH from adenocarcinoma of the lung. Kodama et al. (21) calculated the mean nuclear area (MNA) and standard deviation of nuclear area morphometrically and demonstrated the usefulness of this approach in distinguishing AAH from adenocarcinoma (37), suggesting that some adenocarcinomas may derive from AAH. Nakanishi (20) also found highly significant differences between AAH and adenocarcinoma by use of morphometry of MNA and standard deviation of nuclear area. Kitamura et al. (49, 50) classified AAH into three morphometric categories on the basis of the degree of cellular atypia, consisting of low-grade AAH as a benign lesion, high-grade AAH as a lesion of uncertain malignancy, and AAHlike carcinoma as a potentially malignant or borderline malignant lesion. They concluded that the morphometrical approach with MNA, coefficient of variation of nuclear area, and lesion size are useful in the distinction between AAH and early BAC. The cut-off values for the distinction of early BAC from AAH proposed in their study were 40 m 2 for MNA and 5 mm for gross size of the lesion. They also demonstrated that distinction of lung lesions with any single parameter alone is not sufficient because of considerable overlap of each parameter caused by a continuous spectrum of neoplastic cellular changes that are expressed in AAH, early BAC, and overt BAC.
Therefore, further alternative modes to measure and quantitate cellular atypia have been proposed. One such attempt is multivariate cluster analysis. We recently applied multivariate cluster analysis in the evaluation of AAH by use of several parameters, such as means and variances of the size, shape, and position of the nucleus and the size and shape of the cell, to establish objective, reproducible microscopic criteria for AAH (7, 51) . This study showed that AAH is definable by a combination of several parameters and found that some of the cases designated as AAH may actually contain elements of type II pneumocyte-type adenocarcinoma in their early stages. We concluded that borderline malignant lesions themselves can be part of the multistep process of carcinogenesis. Our findings in that study further suggested that AAH may be a lesion closely related to Clara cell type and type II pneumocyte-type adenocarcinomas, possibly as their common precursor.
Immunohistochemical Characteristics
The distribution of carcinoembryonic antigen (CEA) is known to vary with the degree of cellular atypia during the carcinogenic sequence of colorectal and pancreatic adenocarcinomas (52, 53) . In regards to lung, Nakanishi (20) studied 27 lesions of typical and atypical alveolar epithelial hyperplasia in association with primary lung adenocarcinoma and found that atypical alveolar epithelial hyperplasia was positive for CEA more frequently than typical alveolar epithelial hyperplasia, a lesion that has been referred to as adenomatous hyperplasia (AH), considered to be a nonneoplastic reactive change of bronchioloalveolar cells with no preneoplastic potential (Fig. 5) . However, there were no significant differences between atypical alveolar epithelial hyperplasia and adenocarcinoma in regards to their expression of CEA. Carey et al. (25) studied 10 cases of AAH and found that many of the atypical lesions, unlike the surrounding lung parenchyma, expressed CEA, but not as strongly as adenocarcinomas. In a previous study, we evaluated CEA expression in more than 100 lesions consisting of Clara cell type and type 2 pneumocyte-type adenocarcinomas, AAH and AH as well as normal Clara cells and type 2 pneumocytes and reported that the CEA expression in AAH was comparable to that in adenocarcinomas (54) . In contrast, there was an absence of expression of CEA in normal Clara cells, type 2 pneumocytes, and AH. This immunoreactivity to CEA and several other immunohistochemical markers is illustrated in Figure 6 . The grading of immunoreactivity for CEA and the other markers is outlined in the previous study and will not be discussed here (54). Shimosato et al. (2) reported that CEA is not detected generally in AH but is found in AAH with increased cellular atypia and density. Rao and Fraire (22) found negative staining for CEA in the majority of AAH, whereas almost all adenocarcinomas showed a positive reaction. A, B, and H blood group antigens are present in the plasma membranes of many different types of epithelial cells, and the loss of these antigenic specificities has been observed in various types of carcinomas. Nakanishi (20) demonstrated a decreased expression of blood group antigens in AAH but found no significant differences in the expression of these antigens between AAH and adenocarcinoma. Weng et al. (55) investigated the expression of the so-called secretory component in a case of multiple AAH associated with a BAC of the lung. They reported positive reactivity in AAH with mild to marked atypia and also in primary carcinoma of the lung.
We have reported that immunoreactivity of cytokeratin and laminin were helpful in discriminating AAH from bronchioloalveolar adenocarcinoma because invasion was highlighted or proven by the destruction of the basal lamina, outlined by a laminin stain (56) . Tumor cells were in addition clearly marked by the cytokeratin stain. We also investigated the expression of Leu-M1 and B72.3, which are regarded as markers of adenocarcinoma, and we reported limited expression of these markers in AAH, whereas the majority of adenocarcinomas showed a positive reaction (22) . We also reported high expression of CAM 5.2 and AE1/AE3, which are markers of epithelial differentiation in AAH, and we found a similar degree of expression of these cytokeratins in both AAH and adenocarcinoma, with no significant differences between them (22). Moreover, we found an increased expression of CD74 and HLA-DR in AAH. We speculated that high expression of these molecules in AAH may allow elicitation of the immune response against atypical cells (57).
Carey et al. (25) demonstrated an increased rate of cell proliferation in AAH by use of an antibody (PC10) to proliferating cell nuclear antigen (PCNA) when comparing AAH with the adjacent unaffected lung parenchyma and found a much higher expression of PCNA in pulmonary adenocarcinomas, indicating possible dysregulation of the PCNA gene during development of pulmonary adenocarcinoma. Shimosato and associates (2) We also evaluated the expression of markers of differentiation toward Clara cells and type 2 pneumocytes, in Clara cell type and type 2 pneumocyte-type adenocarcinomas, AAH, AH, normal Clara cells, and normal type 2 pneumocyte cells by means of antibodies against surfactant apoprotein A, urine protein 1, and cytochrome P-450s (54) . We found that AAHs expressed markers similarly to Clara cell type and type 2 pneumonocyte-type adenocarcinomas, and we concluded that AAH is a lesion closely related to Clara cell type and type 2 pneumocytetype adenocarcinomas, probably as a common precursor lesion for these two variants of adenocarcinoma (Fig. 6) . Further ultrastructural studies demonstrating Clara-like, electron-dense granules and lamellar bodies in AAH (61) supported our hypothesis (62). 
DNA Features
Nuclear DNA content is regarded as a reliable indicator of malignancy in adenocarcinoma of the lung (2, (63) (64) (65) (66) . Analysis of the nuclear DNA content of AAH suggested clonal growth, with or without development of subclones, with more abnormal DNA content on the basis of the results obtained with cytofluorometric analysis of nuclear DNA content (2, 28) . Niho et al. (67) demonstrated the monoclonality of AAH by means of clonal analysis on the basis of an X-chromosome-linked polymorphic marker, the human androgen receptor gene. These authors suggested that AAHs, showing clonal proliferation, are more closely related to small-size, well-differentiated papillary adenocarcinoma. Yokozaki et al. (37) examined DNA histogram patterns of AAH lesions and found that 33% of AAH and 85% of adenocarcinomas had aneuploid histogram patterns. They suggested that some cases of AAH displaying aneuploid histogram patterns are precancerous lesions that may eventually progress to adenocarcinoma. Overall, these data support the hypothesis that AAH is a preneoplastic lesion and suggest that field effect may be important in the histogenesis of adenocarcinoma of the lung.
Molecular Studies
Series of independent studies have demonstrated that approximately 10 to 20 mutations are found in lung cancer tissue (68) . Several lines of evidence indicate that mutations in K-ras and p53 genes are the most frequent genetic changes in lung cancer. The K-ras gene encodes a membrane-associated guanine nucleotide-binding protein of approximately 21 kD in size, designated p21-ras (69, 70) . Activation of ras genes by mutations (71-73) may contribute to malignant transformation (74 -77) . Activating point mutations involving codon 12 of the K-ras oncogene are detected in 15 to 50% of all primary lung adenocarcinomas, whereas they are only rarely observed in other types of lung carcinomas (78 -81) . However, the timing of K-ras activation in lung tumorigenesis is unknown. Considering the uniform distribution of K-ras mutations in lung adenocarcinoma (19.5%), Li et al. speculated that K-ras activation occurs during the earliest stages of tumorigenesis preceding clinically evident tumor growth (82) . Conversely, Sugio et al. (83) suggested that K-ras activation is a late event on the basis of the observation that mutations are rarely detected in preneoplastic epithelium adjacent to invasive lung carcinomas. Ohshima et al. (24) detected codon 12 point mutations of K-ras oncogene by nested polymerase chain reaction amplification in 33.3% of AAHs with moderate to severe atypia and 20.7% of adenocarcinomas. They suggested that AAH in some cases is closely related to coexisting adenocarcinomas. They also found that there were mutation-positive and mutation-negative areas in the same patient, suggesting that mutation of K-ras gene occurred during the development of tumor. Westra and associates (84) also evaluated 41 AAHs and their paired lung neoplasms from 28 patients to detect codon 12 point mutations of K-ras oncogene by polymerase chain reaction followed by allelespecific oligonucleotide hybridization. Mutations were found in 16 of 41 (39%) AAHs, 8 of 18 (44%) adenocarcinomas, and 1 of 5 (0%) lung neoplasms that were not adenocarcinomas. These findings show that AAH possesses features more akin to adenocarcinoma, suggesting that glandular neoplasms of the lung arise from a background of field effect. Further, they also demonstrated that a significant proportion of AAH, like many lung adenocarcinomas, does not harbor codon 12 K-ras mutations. Thus they concluded that lung tumorigenesis can progress through other genetic pathways not requiring activation of the K-ras oncogene. A more recent study that used transgenic models showed a role of v-Has-ras in the induction of multilineage pulmonary epithelial hyperplasia and neoplasia (85) .
The protein product of the p53 gene is thought to play an important role in the control of cell cycle, DNA repair, cell differentiation, and genomic plasticity (86) . Abnormalities of the p53 gene, predominantly missense mutations, lead to an impairment of the normal functions of the p53 gene, resulting in neoplastic changes of the affected cells (86). Bodner et al. (87) reported that a high level of p53 expression is correlated with missense mutations in exons 5 to 8 of the p53 gene, which contain most of the evolutionarily conserved domains (86) . p53 mutations lead to intranuclear accumulation of nonfunctional, stabilized p53 protein at levels high enough to allow detection by immunohistochemistry by use of anti-p-53 antibodies. However, special caution should be taken when interpreting results because nuclear accumulation of p53 protein can also be caused by stabilization of wild-type p53 protein through complex formation with several cellular and viral proteins (86, 88) . On the other hand, in tumors with frame-shift or chainterminating mutations in the coding sequences of p53 gene, the levels of p53 protein are generally undetectable by immunohistochemical techniques (86) .
p53 mutations have been reported in 24.4 to 53% of lung adenocarcinomas by several investigators (34, 50, 82, 89 -92) . Putative precursor lesions of lung carcinoma have also been evaluated in terms of p53 mutations. Accumulated evidence has shown that the precursor lesions of bronchial squamous cell carcinoma exhibit p53 abnormalities (up to 94%) as early as the stage of intraepithelial dys-plasia and preinvasive carcinoma (93) (94) (95) (96) (97) . Similarly, Li et al. (82) hypothesized that p53 mutations in adenocarcinoma occur during the very earliest phase of tumor formation, before the bulk of clonal expansion, and occur in very small precursor lesions, based on finding demonstrating p53 mutations with a homogenous topographical distribution throughout the tumors.
The expression of p53 protein in AAH has also been evaluated by several researchers. Kerr et al. (34) reported that p53 protein was detected in 28% of AAH lesions with antibody DO7, whereas 53% of primary lung carcinomas showed positive staining of p53. Kitamura et al. (50) observed p53 expression in 5 to 8% of AAH lesions and 8 to 62% of BAC. On the contrary, most reactive epithelia show no p53 immunopositivity (or less commonly, immunopositivity) in only less than 10% of the cells (92) . The frequency of p53 nuclear accumulation sequentially increases from low-grade AAH to high-grade AAH to AAH-like carcinoma, suggesting a continuous spectrum of neoplastic cellular changes (49, 50, 98, 99) . Discrepancies in the frequency of K-ras and p53 expression among these reports may be attributable to differences in staining procedures, including unmasking technique, evaluation of staining results, and criteria for classification of lung neoplasms, particularly AAH and early BAC. In spite of these differences, analysis of available data on K-ras and p53 expression suggests that AAH exhibits some genetic changes associated with malignancy and thus supports the hypothesis that AAH is a premalignant lesion.
C-erbB-2 protein expression has been previously reported in up to 67% of adenocarcinomas of the lung (34, 100, 101) . In one study, 7% of AAH expressed membrane c-erbB-2 oncoprotein (34). All of these lesions had strongly positive p53 staining, and both p53 and c-erbB-2 staining were associated with increased cellularity and pleomorphism of AAH. The authors speculated that AAH is premalignant and abnormal c-erbB-2 proto-oncogene expression may occur in the later carcinogenic sequence (34) . In a more recent report, telomerase expression was assessed in preneoplasia of the lung (102) . Telomerase positivity was detected in almost all lesions of metaplasia and dysplasia, whereas enzyme activity levels in these lesions were severalfold lower than those in the corresponding invasive lung tumors, suggesting the existence of telomerase dysregulation. In contrast, such dysregulation was often detected in lung adenocarcinoma but not in alveolar epithelial cells or AAH lesions (102) . Thus telomerase activation seems to occur later in the carcinogenesis of adenocarcinoma, as compared with that of squamous cell carcinoma of lung. Altogether, these findings, obtained from multiple molecular analyses, strongly support the notion that AAH plays an important role in the development of pulmonary adenocarcinoma.
Animal Models
To date, no spontaneously occurring AAHbearing animal models appear to have been established. However, benign and malignant lung neoplastic lesions have been reported in some animal species. Tumors resembling BAC occur in the Fischer 344 rat. These may be difficult to be distinguished from adenomas. Stratification of neoplastic epithelium, solid areas of growth, cellular pleomorphism, and a schirrous reaction have been proposed as indicators of malignancy (103, 104) .
A disease in sheep known as jaagsiekte (ovine pulmonary adenomatosis), an Afrikaans term meaning "the driving sickness," was first noticed among flocks driven from one pasturage to another; the affected animals became increasingly dyspneic, were forced to drop out of the flock, and eventually died (105) . A similar disease, known as chronic progressive pneumonia of sheep, has been reported in Montana (105) . Jaagsietke has also been reported in sheep, lambs, and goats from the Andean region of Peru (105, 106) and in sheep in Bulgaria (105, 107) . In the lung of sheep suffering from jaagsiekte, neoplastic cuboidal epithelial cells growing in an acinar or papillary pattern may produce multifocal nodules. Extrathoracic and intrathoracic metastases are also frequently observed. Electron microscopy has revealed that neoplastic cells have some characteristics of alveolar type 2 pneumocyte and nonciliated bronchiolar epithelium, suggesting that neoplastic cells are derived from these epithelial cells (108, 109) . Several experiments have suggested that viral infection may play a role in the etiology of lung tumors observed in jaagsiekte (110, 111) . However, a precursor lesion of these neoplasms has not been well characterized. Thus the establishment of AAH-bearing animal models is highly desirable and would be of great help to analyze the natural evolution of AAH, providing valuable information on the carcinogenesis of adenocarcinoma of the lung.
SUMMARY
Adenocarcinoma is now the predominant histologic type of lung cancer in Japan and some Western countries (1, 2). Clearly an understanding of possible precursor lesions for this increasingly frequent lung cancer would help establish a diagnostic classification as well as management strategies. An increasingly voluminous body of work suggests that AAH may be a precursor lesion of adenocarcinoma. Recognizing this fact, the World Health Organization now acknowledges the existence of AAH as a preinvasive lesion while noting difficulties that may be encountered in separating AAH from the nonmucinous variant of bronchioalveolar carcinomas (112) . The World Health Organization further defines AAH as a "focal lesion, often 5 mm or less in diameter, in which the involved alveoli and respiratory bronchioles are lined by monotonous, slightly atypical cuboidal to low columnar epithelial cells with dense nuclear chromation, prominent nucleoli and scant cytoplasm" (112, p. 4) .
A considerable body of knowledge has accumulated pertaining to the histopathology and other means of AAH assessment, such as morphometry, immunohistochemistry, and molecular studies. Regrettably, morphometric and molecular analyses and some complex immunohistochemical studies are not always available to many practicing pathologists. Thus in the foreseeable future, the diagnosis of AAH will likely continue to rest on arbitrary and subjective histologic criteria. On the basis of our review of the literature and our personal experience, we propose the following guidelines for the diagnosis of AAH: irregularly bordered focal proliferations of atypical cells spreading along the preexisting alveolar framework; prominent cuboidal to low columnar alveolar epithelial cells with variable degrees of atypia, less than that seen in adenocarcinoma; increased cell size and nuclear-cytoplasmic ratio with hyperchromasia and prominent nucleoli; intercellular attachment of atypical cells generally intact with occasional existence of empty-looking spaces between them without high cellularity and without tufting or papillary structures; and a slight thickening of the alveolar walls on which the AAH cells have spread, with some fibrosis but without scar formation or significant chronic inflammation of the surrounding lung tissue.
In regards to the possible precursor nature of AAH, several lines of evidence, as discussed above, do suggest that AAH may play a role in the development of pulmonary adenocarcinoma and particularly in the development of BACs. However, we think that the putative precursor lesion of any cancer should fulfill some requirements (38) . First, it should be present and identified before the development of the disease. Second, the precursor lesion should show evidence of cellular atypia, molecular changes, or both, consistent with progressive cellular transformation. Third, the precursor lesion should not occur so infrequently that transformation to neoplasia is a rare event (38) . The data examined in this review only partly fulfills these requirements. We conclude, therefore, that AAH is a probable but not proven precursor lesion of pulmonary adenocarcinoma.
Last, practicing pathologists confronted with the possible significance of AAH must communicate with clinicians to ascertain prognosis and management of this lesion and with radiologists, who continue to enhance the resolution power of computed tomography and allied technologies that allow them to detect ever higher numbers of increasingly smaller pulmonary nodules (113) . In regards to management, a conservative approach has been suggested by Colby et al. (114) and Ritter (115) . This conservative approach suggests that small lesions found incidentally, without a gross correlate, that lack overwhelming features of malignancy, can be safely designated as AAH. Conversely, lesions that represent clinically or grossly observed lesions with compelling atypical features can be designated as malignant. Although many of the foregoing studies provide important information on the biology of AAH, much more work remains to be done with regard to the need to establish widely acceptable histopathologic criteria for the diagnosis of AAH. Large-scale, multi-institutional prospective studies and population-based studies linking molecular diagnostics to epidemiologic assessment of disease patterns and frequencies, as well as the development of appropriate experimental animal models, coupled with archives of morphologically and genetically studied cases at centralized Web sites, may provide additional insight and should help clarify the intriguing but as yet undefined role of AAH in the development of pulmonary adenocarcinoma.
